Abstract. The tetraphyllidean metacestode diversity of 310 teleost fishes, including 87 species from 31 families, was examined from Heron Island, The Great Barrier Reef, Australia. Eleven metacestode 'types' were identified with the use of light microscopy. Host-specificity varied greatly among metacestode types. Incorporation of in vitro cultivation allowed generic identification for some types. Types 1 and 2 belong to Uncibilocularis Southwell, 1925, and have triloculate bothridia and one pair of forked hooks with unequal prongs; Type 3 has quadriloculate bothridia. Hook development was insufficient to determine in which genus, Acanthobothrium van Beneden, 1849 or Calliobothrium van Beneden, 1850, this type may belong. Type 4 has unilocular bothridia with simple edges and belongs to Anthobothrium van Beneden, 1850. Type 5 has multiloculated bothridia which are invaginated within pouches. This type belongs to the Rhinebothriinae although its generic identity cannot be determined. The bothridia of Type 5 everted within 24 hours of in vitro cultivation and revealed the presence of two forms, one having 48 loculi per bothridium, the other 72 per bothridium. In vitro studies provide additional support for existing theories of onchobothriid scolex development.
Tetraphyllidean metacestodes have traditionally been difficult to identify due to their relatively featureless scolex morphology, which lacks the diagnostic features of the adult cestodes. These metacestodes have long been known from the intestines of teleost fish and the genus Scolex Mueller, 1788 was proposed to accommodate them with Scolex pleuronectis Mueller, 1788 the type species (Stunkard 1977) . Subsequently, other species were described and placed in this genus until Rudolphi (1819) , doubting the validity of these species, synonymised them as Scolex polymorphus Rudolphi, 1819 . Observations since then have suggested that the above species represent a number of tetraphyllidean species so that the names S. pleuronectis and S. polymorphus have become collective names encompassing metacestodes that share features common to this order of cestodes (Wardle and McLeod 1952 , Caira and Ruhnke 1991 , Dick and Choudhury 1995 .
Many species of fish on The Great Barrier Reef are known to harbour tetraphyllidean metacestodes (Lester and Sewell 1989) but no real attempt has been made to distinguish them. A number of workers have endeavoured, using in vitro techniques, to induce maturation of the metacestode scolex to more closely represent that of the adult, thus allowing at least partial identification of the species (Hamilton and Byram 1974, Carvajal et al. 1982) . With that purpose in mind, in vitro cultivation was used in addition to morphological techniques to identify and quantify the number of species of tetraphyllidean metacestodes found parasitising teleost fishes of Heron Island, The Great Barrier Reef, Australia.
MATERIALS AND METHODS
Metacestodes were dissected from their hosts with the aid of a dissecting microscope. Specimens for morphological examination were heat-fixed in near boiling 0.85% saline solution and preserved in 5% aqueous formalin. Worms were stained in Mayer's haematoxylin, destained in aqueous 0.5% HCl and neutralised in 0.5% ammonia solution. The worms were then dehydrated in a graded series of ethanols and cleared in methyl salicylate. Worms were mounted in Canada balsam and examined with a light microscope. Drawings were made with the aid of a drawing tube. Measurements are given as averages followed by ranges in parentheses, and are in micrometres unless otherwise indicated. Voucher specimens of types were deposited in the Queensland Museum (QM).
Specimens for cultivation were dissected from their host fish, identified (uncultivated vouchers kept), washed in saline, and placed in a 5cm diameter Petri dish containing in vitro cultivation solution. This solution was designed to simulate conditions found in the spiral valve of an elasmobranch (Carvajal et al. 1982 ) and contained (w/v) 1.46% NaCl, 0.03% KCl, 1.8% CaCl 2 , 0.06% MgCl 2 ·6H 2 O, 0.01% Na-pyruvate, 0.1% glucose, 1.8% urea and 0.12% Tris buffer. The culture medium was sterilised by passing it through a 0.22µm pore filter. Immediately before use 0.2% of bovine serum, 100 IU of penicillin and 10 µg of streptomycin were added. The osmolality of this solution was 790 mosmol and the pH 7.4.
Most metacestodes were cultivated in an air-conditioned room at the Heron Island Research Station, maintained at approximately 25°C. The cultivation solution was changed twice daily. Selected metacestodes were removed each day of culture, heat-fixed, preserved and prepared for light microscopy as described above.
Those metacestodes viewed with a scanning electron microscope (SEM) were heat-fixed in near boiling 0.85% saline solution and fixed in 5% aqueous formalin. Metacestodes were then washed in 3 volumes of 0.1M cacodylate buffer (pH 7.2) before post-fixing in osmium tetroxide for 45 minutes. The metacestodes were then washed in distilled water and dehydrated with a graded series of ethanols. Metacestodes were washed in three changes of Hexamethyldisalizane (Pro Sci Tech, Australia), allowing the final volume to evaporate completely. The metacestodes were mounted onto stubs, sputter-coated with gold and viewed with a JEOL 6300 SEM at 5-15kV.
RESULTS
Studies by light microscopy revealed 11 putative metacestode types (Fig. 1 ) from a broad range of host fish families and species (Table 1 ) from Heron Island. These types are designated reflecting an expectation that further study may reveal more species than are recognisable by light microscopy. Measurements are summarised in Table 2 . Five of the designated types were investigated with in vitro cultivation techniques.
The pre-cultivation morphology of tetraphyllidean metacestode Type 1 comprised a scolex bearing four triloculate bothridia, an apical sucker and a long, slender body ( Fig. 2a) . A number of morphological changes were induced during in vitro culture, including the development of a septum posterior to the bothridia, dividing the scolex from the body and the development of one pair of forked hooks with unequal prongs between the 1 st and 2 nd loculi on each bothridium. The outer prong of each hook was the smaller. The apical sucker degenerated, appearing as a poorly muscularised region (Fig. 2b, c ).
Metacestode Type 3 had a scolex morphology comprising an apical sucker and four quadriloculate bothridia (Fig. 2d) . In vitro cultivation produced a septum posterior to the scolex, separating the scolex from the body within 24 hours (Fig. 2e) . Hook development was evident within 48 hours and primordial hooks represented one pair of forked hooks per bothridium, or two pairs of single hooks (Fig. 2e, f) .
Type 4 was a small metacestode with simple unilocular bothridia. Within 24 hours of cultivation, noticeable morphological developments were visible. There was a slight elongation of the body and a septum developed posterior to the bothridia, separating the scolex from the body region. The bothridia enlarged slightly, and the apical sucker began to degenerate. Further cultivation for three weeks produced no sign of hook development. In cultivation, the bothridia of Type 4 retained a simple edge and became slightly pedunculate.
Because the bothridia of Type 5 were inverted and contained in a pouch, only the apical sucker was evident externally on the scolex (Fig. 3a) . After 24 hours of cultivation the bothridia evaginated. The bothridia were divided into numerous loculi by a single longitudinal septum and several transverse septa (Fig. 3b) . After 48 hours, a cephalic peduncle became obvious and a septum separated this from the body. Some degeneration of the apical sucker was evident after 72 hours. Evagination of the bothridia revealed the presence of two distinct forms within this type. One form had 48 loculi per bothridium and the other 74 loculi, indicating the presence of cryptic species within the 'type' designated by light microscopy.
DISCUSSION
The number of tetraphyllidean metacestodes found in this study reflects a rich fauna of tetraphyllideans in elasmobranchs on The Great Barrier Reef. This is in contrast to the small number (5) of adult tetraphyllidean cestodes described from Heron Island (Lester and Sewell 1989) . It is probable that the diverse array of metacestodes recorded here does not do justice to the true diversity occurring on the reef. In this study, only 87 of over 1500 fish species known to occur on The Great Barrier Reef (Russell 1993), representing only 25% of known reef fish families, were inspected for metacestodes. Examination of the remaining fish families is likely to reveal more metacestode types, although some of the types recorded here might be expected to be recorded in those fish. Further, the teleosts are only one of several recognised groups of intermediate hosts of tetraphyllideans on the reef. Investigation of other host groups, such as bivalves, is likely to reveal additional tetraphyllidean metacestodes. The presence of cryptic species within the types, as evidenced by Type 5, may disguise an even greater diversity than is recognised here. It appears that much further study is required to elucidate tetraphyllidean diversity on The Great Barrier Reef.
Varying degrees of host-specificity were shown among the metacestode types in this study (Table 1) . Metacestode Type 3 showed marked host-specificity, infecting only the goby Valenciennea longipinnis (Lay et Bennett). Type 3 was not found in other gobies, such as Amblygobius phalaena (Valenciennes), which occupy the same habitat and share infections of Types 4 and 5. Type 4 showed little specificity, occurring in many fish families covering a broad ecological range. This type was even found in large pelagic fish, such as Scomberomorus commerson (Lacepède). It is possible that this metacestode is passed vertically through the food chain, from fish to fish, before reaching its definitive hosts. It is also conceivable that this morphological type incorporates cryptic species, each with its own narrower host-specificity. The discovery of cryptic species within Type 5 serves to establish this possibility.
In vitro cultivation was useful in elucidating generic identification for some metacestode 'types'. Tetraphyllidean metacestode Type 1 was identified as an onchobothriid by the development of hooks between the 1 st and 2 nd loculi. Hook development between the anterior two loculi is consistent with observations by Hamilton and Byram (1974) on scolex developmental processes in a species of Acanthobothrium van Beneden, 1849 which they also cultivated in vitro. This observation supports the hypothesis of Caira and Ruhnke (1991) that, in respect to matching larval morphology with adult morphology, the number of loculi in the metacestode will equal the number of posthook loculi in the adult, plus one (to include the anterior muscular pad). There are two post-hook loculi in the cultivated scolex of Type 1, suggesting that this type belongs to either Uncibilocularis Southwell, 1925 or Megalonchos Baer et Euzet, 1962 . The hook morphology, one pair of symmetrical forked hooks per bothridium with unequal prongs, corresponds to that of Uncibilocularis. Metacestode Type 2 is very similar to Type 1 in morphology, so may represent a separate species of Uncibilocularis.
Metacestode Type 3 was also identified as an onchobothriid. The scolex morphology corresponds to Acanthobothrium and Calliobothrium van Beneden, 1850, but the hook development was not sufficiently advanced to distinguish between these two genera. If there is one pair of forked hooks per bothridium, then the metacestodes belong to Acanthobothrium. If there are two pairs of single hooks, then they belong to Calliobothrium.
Metacestode Type 4 did not develop hooks after three weeks of cultivation suggesting that these metacestodes belong to the Phyllobothriidae Braun, 1900. In culture, the bothridia retained a simple edge and became slightly pedunculate, suggesting that these metacestodes represent members of Anthobothrium van Beneden, 1850.
Evagination of the bothridia of Metacestode Type 5 revealed four bothridia divided into numerous loculi by a single longitudinal septum and several transverse septa. This character accords well with the metacestodes belonging to the subfamily Rhinebothriinae Euzet, 1953. These metacestodes may belong to any of the genera Rhinebothrium Linton, 1889 , Caulobothrium Baer, 1948 or Rhabdotobothrium Euzet, 1953 . Knowledge of adult gonadal arrangement is needed to distinguish between these genera.
The pattern of development observed in cultivated onchobothriid metacestodes (Type 1, 2, and 3) corresponds with that recorded by Hamilton and Byram (1974) for a species of Acanthobothrium and by Caira and Ruhnke (1991) for Calliobothrium verticillatum Rudolphi, 1829 . These patterns include the degeneration of the apical sucker (the apical sucker is eventually lost in the adult scolex) and the development of hooks between the 1 st and 2 nd loculi of the metacestodes. Hamilton and Byram (1974) and Caira and Ruhnke (1991) reported the development of accessory suckers in the anterior muscular pads of their respective species, which was not observed in the species cultivated in this study.
Our in vitro studies support the theory of Avdeeva and Avdeeva (1980) and Caira and Ruhnke (1991) that all of the bothridial loculi are present early in the development of the onchobothriid metacestode and are not added sequentially as the worm matures, as was suggested by Curtis (1911) . It is not known if this is also the case for phyllobothriid worms.
The cultivation of metacestodes in vitro is a technique with great potential. It enabled better resolution of metacestode identification, revealed the presence of cryptic species and also provided further support for theories on onchobothriid scolex development. In vitro techniques may be extremely useful in tracing developmental patterns of reproductive structures, as well as hook and scolex differentiation of tetraphyllideans, due to the difficulty of maintaining the definitive hosts in captivity.
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